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GEOLOGY

A Geologic and Gravity Survey of the
Belle Plaine Area, Minnesota
R. E. SLOAN and Z. F. DANES 1
University of Minnesota, Minneapolis
Combined geologic and gravity investigations in the vicinity of Belle Plaine, in the Minnesota
River valley, have disclosed a hitherto unknown fault of
possible major significance. The fault is inferred on the
basis of available evidence to have a left lateral displacement of the order of 100 miles and later vertical movements of about 1,000 feet.
The field work was supported by the Minnesota Geological Survey. The writers wish to express their great
appreciation to the late Dr. Edward Thiel of the Department of Geophysics and to Dr. J. C. Craddock and
Barton Gross of the Department of Geology, University
of Minnesota for giving permission to use their unpublished gravity data in the area. We also wish to thank
the Chicago and North Western Railroad for providing
their right of way maps and elevation profiles; these
aided greatly in the gravity data reduction.
The geologic work on which this report is based was
done by the senior writer in 1961 and 1962, as part of
the compilation of a revised geologic map of the southeastern part of the state. This work indicated the probable presence of a fault near Belle Plaine. Because of
the sparse exposures in this part of the state and the
small amount of available subsurface geol?gic data, the
INTRODUCTION:

TABLE

area of structural discontinuity was investigated in the
spring of 1962 by detailed gravity measurements. These
data, obtained by the junior author, substantiated the
geologic interpretation and further elucidated the structure and stratigraphy of the area. Gravity data and station locations are on file in the office of the Minnesota
Geological Survey.
Geologic Data: The stratigraphic succession in the
area discussed here is summarized in Table 1 :
The geologic map of the Belle Plaine and adjacent
areas (Figure 1) is a revision of the previously published
map (Geologic map of the State of Minnesota, 1932).
It was compiled from current field studies, water well
information reported by Thiel ( 1944), Bulletin 27 of the
Minnesota Geological Survey (Schwartz, 1936), and unpublished data in the files of the Minnesota Geological
Survey. The geology of the Belle Plaine area is considerably revised. Outcrops in the vicinity of Henderson, first
noted by Shumard (1852) and reported by Upham
(1888) and Thiel (1944) as the St. Lawrence Formation, are now known to be the upper part of the upper
or Shakopee Member of the Prairie du Chien Dolomite.
This interpretation is based on the discovery of a faun-

1. Stratigraphic Succession in the Belle Plaine Area

Era

Period

Epoch

Formation

Thickness

Cenozoic

Quaternary

Pleistocene

glacial drift

0-200 feet

...................................................... unconformity
Mohawkian
Ordovician

Platteville Formation

30 feet

St. Peter Sandstone

100 feet

.................. unconformity

Paleozoic

Canadian

Cambrian

Croixan

Prairie du Chien
Dolomite

100-200 feet

Jordan Sandstone

90 feet

St. Lawrence Formation

50 feet

Franconia Sandstone

200 feet

Dresbach Sandstone

310 feet

...................................................... unconformity
Late Precambrian

Keweenawan

Pre-Keweenawan

Fond du Lac Sandstone

1000 feet

Basalt lava flows

30,000 feet

Undifferentiated
Plutonic and
metamorphic rocks

1

Visiting Professor of Geophysics, University of Minnesota.
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ule in a drainage ditch in the northwest quarter of section 13, township 113 north, range 26 west, Sibley
County, Minnesota. The faunule, of late early Ordovician
age, occurs in a salmon colored, oolitic dolomitic limestone, and consists of the cephalopod Clitendoceras? inopinatum (Stauffer), the snail Hormotoma sp., and an
indeterminate trilobite belonging to the family Bathyuridae, probably Bathyurellus sp. or Peltabellia sp.
A further modification of the earlier map is based on
data reported in the logs of the Belle Plaine salt well of
1871 (Thiel 1944: 410) and another well in Belle Plaine
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drilled in 1949 (unpublished, in files of Minnesota Geological Survey). These wells penetrated about 200 feet
of glacial drift below the level of the flood plain of the
valley and immediately below that, slightly more than
500 feet of the late Keweenawan Fond du Lac Sandstone ( often referred to as the "Red Clas tic series") .
This interpretation of the stratigraphy and structure
of the Belle Plaine area requires a stratigraphic displacement, either by a fault or an anticlinal fold, of about 700
to 1,000 feet in the area between Blakeley and Belle
Plaine (Figure 1 ) .
The vertical displacement of the structure decreases
to the southeast in central Le Sueur County to about 200
feet. This interpretation is based on well records on file
in the Minnesota Geological Survey.
The structure of the Paleozoic rocks of the area can
be generalized as follows. Between Mankato and St.
Peter the sedimentary rocks strike parallel the Minnesota
River and dip about 12 feet per mile to the southeast.
From the vicinity of Henderson to Blakeley the sediments strike northwestward and dip about 12 feet per
mile to the northeast. From Belle Plaine to Minneapolis
the strike is generally northwest and the dip averages
about 15 feet per mile into the center of the Twin City
artesian basin. Older Precambrian plutonic and metamorphic rocks lie beneath the Fond du Lac Sandstone
or the Croixan sandstones to the southwest of Belle
Plaine. Northeast of Belle Plaine, early Keweenawan
basalt flows occur beneath the Fond du Lac Sandstone
in a belt extending northeasterly into the Lake Superior
region.
GRAVITY DATA: Contrasts in the gravity data and thicknesses of the above formations are sufficiently great to
expect that a sizeable gravity anomaly should be associated with the presumed fault. Therefore, a very detailed
gravity profile was surveyed starting about a mile southwest of Blakeley and ending northeast of Belle Plaine.
The bottom of the Minnesota River Valley was selected
for the survey to avoid spurious anomalies from the
glacial till and to aid in reduction of the data. Stations
were spaced 400 feet apart along the Chicago and Northwestern Railroad.
The main base station was established at the U.S.
Geological Survey bench mark elevation of 729.5 on the
Blakeley bridge, and a sub-base at Belle Plaine. A Worden gravity meter with a reported sensitivity of 0.1159
mgal/scale division was used throughout the field work.
Latitude corrections were calculated according to the
international formula:
, g = 978.0490 ( 1+0.0052884 sin 2 cp - 0.000 0059
sin 2 2cp). where cf, is the geographic latitude of the observation point.
Elevation corrections were determined with the assumed surface density of 2.0 which is believed most adequate for the top layer (glacial drift) to which all the
topography of the detailed survey was confined.
No terrain corrections were applied, because the calculations indicate that they could not change the results by
more than a few hundredths of a milligal.
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The survey was then extended, by scattered observations at both ends of the detailed profile, and tied into
the regional survey carried out in 1961 by E. Thiel and
Craddock.
All station locations are shown by the dots on Figure
2. The east-west profiles were determined by E. Thiel
and Craddock; the dense profile in the central part of
the map and its northeastern and southwestern extensions into the east~west profiles was surveyed by the present authors.
The values were then contoured with a contour interval of 5 mgal and are mapped on Figure 2. The main
features shown by this map can be described as follows:
1. An extremely strong gravity high trend, arriving in a
southwesterly direction through the northeast corner of
the map, flanked by a steep gravity gradient to the northwest and a more gentle gradient to the southeast, terminated abruptly before reaching the central part of the
map, then turning suddenly in a south-southeasterly direction.
2. A deep gravity low axis cutting the southern boundary of the map at about 93° 40' W, and its western
boundary at 44 ° 45' N. Toward the southwest this area
is probably flanked by another high.
3. A narrow zone of steep gradients and -elongated
anomalies, running from the northwest corner of the map
toward the south-southeast, and cutting the southern
border of the map at 93° 30'. While minor modifications
of those features may be revealed by a more detailed
survey, their general character is satisfactorily defined by
the available data.
INTERPRETATION OF GEOLOGIC AND GRAVITY DATA: The
combined geologic and gravity data is interpreted to indicate that the structural discontinuity in the vicinity of
Belle Plaine is a fault which had a large strike-slip motion during the Keweenawan and a vertical motion of
about 1,000 feet after the Ordovician.
The principal regional gravity high trend has been explained by Thiel (1956) as being due to a series of flows
of heavy basalt (a = 2.90) of about 30,000 feet thickness. This value is in excellent agreement with both geologic estimates (25,000 feet along the North Shore of
Lake Superior) and present gravity data.
To estimate the extent of the flow, the present authors
· used a technique similar to that derived by Danes (1960).
They calculated the gravity anomaly of a cubic block of
basalt six miles on a side, then built up a set of such
anomalies to approximate the observed field.
Results of this analysis are shown in Figure 3. The
heavy lines show the estimated thickness contours on the
basalt; the light lines show the gravity anomaly remaining after the basalt effects have been subtracted. It is
seen that the basalt slab is thinning toward the southeast;
its northwestern flank may be nearly vertical.
The abrupt termination of the high trend and its continuation farther southeast in Iowa (Thiel, 1956) is interpreted by the writers as evidence for a major leftlateral fault of horizontal displacement of the order of
100 miles.
This fault brought the heavy basalts in juxtaposition
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1

to granites. Density of the former was found to be 2.90
by Thiel (1956), that of the latter 2.65. However, the
observed gravity gradient near Belle Plaine indicates a
more gradual transition and we found that it can best
be explained by a reduction by a factor of two either in
thickness or in density contrast, over about a distance
of six miles. Of these two possibilities, the latter is preferable in view of the postulated lateral fault.
At some time after the deposition of the Ordovician
rocks, this fault was reactivated as one of predominant
vertical movement of about 1,000 feet, with the down
thrown wall to the southwest. So that, the termination
and the offset of the major gravity high trend is due to
the horizontal displacement, whereas the residual gravity high shown in Figures 3 and 4 is the result of the
much later vertical movement.
Figure 4 presents a geologic cross section and Bouger
gravity profiles along the line of the authors' detailed
profile from a point 5 miles southwest of Blakeley to a
point 8 miles northeast of Belle Plaine. The cross section is derived from surface outcrops and well information, supplemented below the Fond du Lac Formation
by data inferred from the gravity profile. The residual
gravity profile is the Bouger anomaly resulting from the
component of vertical movement on the Belle Plaine
fault, and was derived from the observed Bouger gravity
profile by subtracting the regional trend. The fault should
be located directly beneath the half height of the southwest side of the residual anomaly and would lie in the
center of the southwest quarter of the northeast quarter,
section 2, township 113 north, range 25 west. The residual anomaly is asymmetrical as a result of the northeasterly dip of the top of the basalt slab east of the near
vertical fault plane.
Although this model certainly oversimplifies the picture, it seems to give a reasonable approximation.
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Due to the fact that the early Keweenawan lava flows
are apparently offset by the lateral movement on the
Belle Plaine fault whereas the late Keweenawan Fond
du Lac Formation is not, the maj01; strike-slip displacement must be mid-Keweenawan in age. The subsequent
vertical movement on the fault cannot be stated more
closely than post early Ordovician in age. To the best of
our knowledge this fault zone did not exert any control
over Cambrian or Ordovician sedimentary facies, and
no movement is known to have occurred during the late
Cambrian or Ordovician time. The sheared zone near the
fault plane is a possible explanation for the very deep
Pleistocene valley at Belle Plaine.
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